Galactic interstellar extinction maps are powerful and necessary tools for Milky Way structure and stellar population analyses, particularly toward the heavily-reddened bulge and in the midplane. However, due to the difficulty of obtaining reliable extinction measures and distances for a large number of stars that are independent of these maps, tests of their accuracy and systematics have been limited. Our goal is to assess a variety of photometric stellar extinction estimates, including both 2D and 3D extinction maps, using independent extinction measures based on a large spectroscopic sample of stars towards the Milky Way bulge. We employ stellar atmospheric parameters derived from high-resolution H-band APOGEE spectra, combined with theoretical stellar isochrones, to calculate line-of-sight extinction and distances for a sample of more than 2400 giants towards the Milky Way bulge. We compare these extinction values to those predicted by individual near-IR and near+mid-IR stellar colors, 2D bulge extinction maps and 3D extinction maps. The long baseline, near+mid-IR stellar colors are, on average, the most accurate predictors of the APOGEE extinction estimates, and the 2D and 3D extinction maps derived from different stellar populations along different sightlines show varying degrees of reliability. We present the results of all of the comparisons and discuss reasons for the observed discrepancies. We also demonstrate how the particular stellar atmospheric models adopted can have a strong impact on this type of analysis, and discuss related caveats.
INTRODUCTION
Interstellar extinction remains one of the primary obstacles to studying the structure and stellar populations of the Galactic bulge. Some of the earliest bulge extinction maps were made using optical photometry, primarily of red clump (RC) stars, from microlensing surveys such as OGLE and MA-CHO (e.g., Stanek 1996; Sumi 2004 ; more recently Kunder et al. 2008; Nataf et al. 2013) . With the arrival of large area, near-infrared (IR) photometric surveys such as DENIS and 2MASS, additional extinction maps became available. For example, Schultheis et al. (1999) and Dutra et al. (2003) used red giant branch (RGB) stars, together with stellar evolutionary models, to trace extinction up to A(V) ∼ 25 mag with a spatial resolution of 4 . Gosling et al. (2006) used the near-IR colors of bulge stars to trace small scale interstellar dust variations (∼ 5 ) in the Galactic Center. Gonzalez et al. (2012) also used RC stars to trace the interstellar dust extinction based upon data from the VVV survey, which reaches sufficiently faint magnitudes to use the RC population even in the most highly extinguished regions, such as the Galactic Center. However, these extinction maps are two-dimensional, and when applying them, one implicitly assumes that all stars are located at a distance beyond the typical distance probed by the map. At the level of individual stars, Majewski et al. (2011) introduced the "Rayleigh-Jeans Color Excess" (RJCE) method, and demonstrated that near-to mid-IR colors (e.g., H − 4.5µm) could be used to measure the effects of the interstellar dust on a star-by-star basis, largely independent of stellar type.
Only a few 3D extinction maps towards the Galactic bulge area have been constructed thus far. Drimmel et al. (2003) built a theoretical 3D Galactic dust distribution model, based on the interstellar dust and stellar distribution inferred from the COBE near-and far-IR emission. Marshall et al. (2006) provided a 3D dust extinction map by comparing 2MASS data with the Besançon stellar population synthesis model (Robin et al. 2003 ). An improved version of the Marshall et al. map, using VVV and GLIMPSE-II data and an updated version of the Besançon model (Robin et al. 2012) , has been published by Chen et al. (2013) ; this was later expanded by Schultheis et al. (2014) for the full VVV bulge area.
In this paper, we use stellar properties derived from new, high-resolution, near-IR spectra to probe the inner Milky Way's interstellar extinction in three dimensions, and compare the results with existing 2D and 3D extinction maps. This allows, for the first time, a detailed comparison of the derived extinction and distances with the available 3D maps in the literature. In Section 2, we outline the sample of stars used in this study, and in Section 3, we describe the derivation of their extinctions and distances. In Sections 4 and 5, we compare these extinctions to existing 2D and 3D extinction maps, respectively, and present explanations for the discrepancies, including a discussion of systematic differences as a function of stellar parameters. Finally, in Section 6, we discuss the impact of the choice of stellar models and extinction law on our results.
2. THE SAMPLE 2.1. APOGEE One of four experiments in the Sloan Digital Sky Survey III (SDSS-III; Eisenstein et al. 2011) , the Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2010 ) is a large scale, near-IR, high-resolution (R ∼ 22 500) spectroscopic survey of Milky Way stellar populations. The survey uses a dedicated, 300-fiber, cryogenic spectrograph coupled to the wide-field, Sloan 2.5 m telescope (Gunn et al. 2006) at Apache Point Observatory (APO). APOGEE observes in the H-band (1.5 µm − 1.7 µm), where extinction by dust is significantly lower than at optical wavelengths (e.g., A(H)/A(V) ∼ 0.16). APOGEE observes, at high signal-to-noise ratio (S/N ∼ 100 per Nyquist-sampled pixel), about 100 000 red giant stars selected from the 2MASS survey, down to a typical flux limit of H ∼ 12 − 14 (Zasowski et al. 2013) . Approximately 85% of our bulge stars have a magnitude brighter than H < 11, and all have H < 12.2.
Stars are observed using standard SDSS plug-plates, which normally have a field of view (FOV) radius of 1.5
• , but the high airmass of the bulge observed from APO (latitude ∼ 32
• ) produces strong differential refraction effects on stars near the plug-plate edges. Therefore, APOGEE's bulge fields have stars no more than 0.9
• from the field center (some fields observed early in the survey are even smaller, with R < 0.5
• ) to mitigate this effect.
With its high resolution and high S/N, APOGEE will determine both accurate radial velocities (to better than 0.5 km s −1 external accuracy) and precise abundance measurements for most of the vast stellar sample, including the most abundant metals in the universe (C, N, O), along with other α, odd-Z, and iron-peak elements. The latest SDSS-III Data Release (DR10; Ahn et al. 2014) provides spectra of about 55 000 stars to the scientific community, as well as the derived stellar properties, including radial velocities, effective temperatures, surface gravities, and metallicities. Additional information, such as photometry and target selection criteria, is also provided and described in Zasowski et al. (2013) .
2.2. Stellar Parameters Stellar parameters are determined by the APOGEE Stellar Parameters and Chemical Abundances Pipeline (ASPCAP; Garcia Perez et al. 2014, and in prep) . These values are based on a χ 2 -minimization between observed and synthetic model spectra performed with the FERRE code (Allende Prieto et al. 2006, and subsequent updates) . Model spectra are interpolated on a regular grid computed with the ASS T code (Koesterke et al. 2008; Koesterke 2009 ), a custom line list specially compiled for the survey (M. Shetrone et al., in prep) , and Castelli & Kurucz (2004) model atmospheres. New ATLAS9 model atmospheres computed by Mészáros et al. (2012) with varying C and α content, relative to the solar composition from Asplund et al. (2005) , will be used in future data releases.
The accuracy of the DR10 ASPCAP T eff , log g, and [M/H] values was evaluated by Mészáros et al. (2013) . Using a sample of well-studied field and cluster stars, including a large number of stars with asteroseismic stellar parameters from NASA's Kepler mission (Borucki et al. 2010) , they compared ASPCAP results to the literature values. They conclude that the ASPCAP temperatures agree with other spectroscopic temperatures from the literature, with a mean offset of only 8 K and a 1σ scatter of 161 K. For literature photometric temperatures derived with the Infrared Flux Method (González Hernández & Bonifacio 2009), larger systematic differences were found, and a correction function was provided to convert the ASPCAP temperatures to photometrically-calibrated temperatures. In the present work, we adopt the raw ASPCAP spectroscopic temperatures because these estimates, based on continuum-normalized spectra, are independent of the interstellar extinction.
ASPCAP surface gravities are, in general about 0.2-0.3 dex larger than both isochrone and seismic values in the range −0.5 < [M/H] < +0.1, with increasing offsets at lower metallicities. An empirical correction has been calculated for use in our analysis. Metallicities agree with literature values for −0.5 < [M/H] < +0.1 (within 0.1 dex), but at both the metal-poor and metal-rich end, systematic offsets of up to 0.2-0.3 dex are apparent. Again, a correction factor has been derived, which is applied here.
In summary, we adopt for our analysis the spectroscopic temperatures (not corrected) from ASPCAP and apply the correction terms given in Mészáros et al. (2013) for the ASP-CAP surface gravities and metallicities.
Sample Used In This Work
The initial selection for our sample comprises all APOGEE targets from the first two years of the survey that are located towards the Galactic bulge: −10
• < l < 10 • and −10 • < b < 5
• , coinciding with the footprint of the VVV survey extinction map (Gonzalez et al. 2012) . These include data that are part of DR10 (comprising 60% of the sample), along with data not included in that release. For all stars, we use parameters from the v400 version of APOGEE's combined reduction + analysis pipeline. We then filtered the stars to remove those with parameters close to the edges of the model grid, as described by Mészáros et al. (2013) . We selected stars with S/N > 50, χ 2 ASPCAP < 30, and log g < 3.5. to ensure a sample of stars with reliable ASPCAP fits and stellar parameters. No additional selection criteria in T eff or [M/H] have been applied, though we did reject stars where these values were not well-matched by the stellar models described below (Sect. 3). Figure 1 shows the distribution in Galactic longitude (l) and Galactic latitude (b) of our final sample of 2433 stars.
DERIVATION OF EXTINCTION AND DISTANCES
We used the Padova isochrones set 21 from Marigo et al. (2008) -Difference in T eff and log g (ASPCAP -"isochrone") of our sample. The peak in both distributions is at zero, although due to the irregular grid in T eff and log g of the Padova isochrones, the tail of the ∆T eff distribution is asymmetric towards more negative values.
for low-mass, low-metallicity AGB tracks that were matched with the ASPCAP parameters T eff , log g, and [M/H], for our sample of APOGEE targets. Our isochrone grid has metallicity steps of 0.2 dex between −2.5 < [Fe/H] < +0.5 and age steps of ∆(log age) = 0.05 Gyr. The intrinsic Padova model grid is slightly irregular in T eff and log g depending on the T eff range, but the steps in mass are sufficiently small to ensure a typical resolution better than 100 K in T eff and 0.1 dex in log g. However, we note that the isochrone grid samples very poorly the parameter space within 3500 < T eff < 4000 K and logg > 2.0. ASPCAP estimates [M/H], not [Fe/H], using multiple elements. As pointed out by Mészáros et al. (2013) For each star, we selected the isochrone closest in metallicity and then identified the closest point in the corresponding T eff and log g plane of the isochrone. No interpolation has been done, but stars that are too far from a point in the isochrone-grid (|∆T eff | > 500 K or |∆ log g| > 0.5 dex) are discarded. Figure 2 shows the differences in T eff and log g between the spectroscopic values and those of the best-matched Padova isochrone point for each star (in the sense of ASP-CAP -"isochrone"). While the differences in log g are rather small (< 0.025 dex), the effective temperatures can differ by several hundred K, mainly due to the irregular grid spacing in the T eff vs. log g plane of the Padova isochrones. No dependency on metallicity was found. The assymetric tail seen in Fig. 2 is composed of stars that fall in the parameter space 3500 < T eff < 4000 K and logg > 2.0, not covered by the isochrone grid. These stars comprise ∼3% of the sample. As a secondary effect, α-enhanced bulge stars might not be as well represented by the assumption of [M/H] = [Fe/H] and solar-scaled isochrones.
These log g and T eff offsets are incorporated into the uncertainties in the final extinction and distance estimates (see below). Each star in the APOGEE sample has 2MASS magnitudes J, H, and K s . In the corresponding isochrone grid, we find the absolute magnitudes M J , M H and M K s . The color excess E(J − K s ) can then simply be calculated by
, where J and K s are the star's observed 2MASS magnitudes and (M J − M K s ) the intrinsic, unreddened color from the isochrones. To convert E(J − K s ) to A(K s ), one has to assume a certain extinction law. We use here the relationships of Nishiyama et al. (2009) , with A(K s ) = 0.528 × E(J − K s ), which was derived for sightlines near the Galactic Center. The extinction derived using this method is hereafter referred to as A(K s ) ASPCAP . Note that A(K s ) ASPCAP is not a product of ASPCAP. The extinction law towards the Galactic bulge remains somewhat uncertain, although it has been shown to vary along different lines of sight (e.g., Gao et al. 2009; Fritz et al. 2011; Chen et al. 2013; Nataf et al. 2013 ). In Section 6 we examine the potential impact of these variations on our findings.
The distance between each star and the isochrone grid in the ∆T eff and ∆ log g dimensions (see Figure 2) , together with the individual errors σ Teff and σ log g from the ASPCAP pipeline (those derived empirically by Mészáros et al. 2013) , give the total error in T eff and log g for each star:
Teff and err log g = (∆ log g) 2 + σ 2 log g . For each star, we added these uncertainties to the ASPCAP values (i.e., T eff ± err Teff and log g ± err log g ) and redid the isochrone matching, thus estimating the typical uncertainty in A(K s ) ASPCAP for this method. However, these errors do not include systematic contributions from the choice of the stellar atmosphere models, isochrones, etc. We discuss this issue in Section 6.3.
Our distances were calculated using:
with K s the 2MASS apparent magnitude, M K s the absolute K s magnitude from the Padova isochrone, and the extinction A(K s ) ASPCAP as described above. The errors in the distance are obtained in the same way as for A(K s ) ASPCAP , including the errors in T eff and log g. The resulting median errors in our derived distances from the isochrone-matching method, including the ASPCAP errors in T eff and log g, are on the order of ∼30%-40% (see Fig. 3 ). We compared our distances with those of Anders et al. (2013) , who use a more sophisticated Bayesian approach based on Allende to compute SDSS distances both for APOGEE giants and SEGUE dwarfs. In general, there is good agreement between the two distance scales. For small heliocentric distances (d < 2 kpc) we find smaller values than Anders et al., by about 20%, whereas for larger distances (d > 6 kpc) we tend to find slightly larger values. The r.m.s scatter between our work and Anders et al. is about 30%, similar to the typical intrinsic error of our distances (Figure 3) . In Table 1 , we present the derived extinctions (and associated distances) for our sample, along with the extinction values based on the literature 2D maps as described in the next section.
COMPARISON TO INDIVIDUAL STELLAR EXTINCTIONS AND 2D EXTINCTION MAPS

Stellar Extinction Estimates and 2D Maps Used
We compare our isochrone-based extinctions, A(K s ) ASPCAP , to the following data:
• The individual stellar RJCE extinction estimates, A(K s ) RJCE , following the method of Majewski et al. (2011) . We explored using both the Spitzer-IRAC 4.5µm and the WISE W2 (4.6µm) filters (together with 2MASS H), but the larger pixel size of WISE is particularly disadvantageous in the crowded bulge, so we opt to use IRAC data exclusively for A(K s ) RJCE .
• The individual stellar extinction estimates derived from the E(H − K s ) color excess, A(K s ) EHK , following Lada et al. (1994) , and assuming that all stars share a common intrinsic (H − K s ) 0 = 0.13 color. This assumption is only the first step of the fuller NICE extinctionmapping method (e.g., Lada et al. 1994; Lombardi & Alves 2001; Gosling et al. 2009 ), but statisticallycleaned NICE maps of large bulge regions have not yet been constructed.
• The extinction map based on RC stars by Gonzalez et al. (2012, hereafter G12) . Using the BEAM calculator webpage 22 , we retrieved for each star the extinction in the map's 2 pixel closest to the star's position, A(K s ) G12 .
• The "all stars, median" extinction map using the RJCE method by Nidever et al. (2012, hereafter N12) . With the query scripts provided in that paper, we retrieved, for each star, the extinction in the 2 pixel closest to the star's position, A(K s ) N12 . in the lower right panel. We include for each star the typical error resulting from the isochrone matching. Each panel does not include the same number of stars, due to the fact that some stars lack reliable extinction measurements from all four methods because of their inhomogeneous photometry. These stars "missing" one or more estimates have no preferred A(K s ) ASPCAP , and represent ∼20% of the sample.
Overall, the three methods (G12, N12, RJCE) agree fairly well, within |∆A(K s )| < 0.2 mag, while EHK is clearly discrepant. The smallest dispersion relative to this work is seen in comparison to the RJCE method, where even at larger A(K s ) the difference from A(K s ) ASPCAP is smaller than 0.1 mag (compared to a typical A(K s ) ASPCAP uncertainty of ∼0.05 mag). The differences from the G12 maps are centered on zero but have a higher dispersion, with large differences at higher A(K s ) ASPCAP and a set of disparate points with A(K s ) ASPCAP 0.5. The N12 map predicts similar extinctions as the RJCE values for A(K s ) ASPCAP < 1, but the differences become more scattered for larger A(K s ), similar to those found for G12. The EHK method consistently overestimates the extinction, increasing at higher A(K s ) ASPCAP .
Figures 5, 6, and 7 show the extinction offsets as functions of the stellar T eff , log g, and [M/H], respectively. While for RJCE only a slight trend with T eff is observed, on the order of the A(K s ) ASPCAP uncertainty for T eff 3800 K, the EHK method systematically overestimates A(K s ) starting at cooler temperatures (T eff < 4200 K). N12 and G12 overestimate A(K s ), compared to ASPCAP, when T eff > 4500 K. With respect to surface gravity (Figure 6 ), EHK systematically overestimates extinction for log g < 2 and G12 and N12 for log g > 2.5, respectively. RJCE overestimates A(K s ) for the most luminous stars with log g < 1. For [M/H] < −1, the RJCE extinction measurements deviate (Figure 7) , indicating that the assumption of a constant (H − 4.5µm) 0 color used in the RJCE estimates is not valid for low metallicities (as also noted in Zasowski et al. 2013) , while EHK actually overestimates extinction at higher [M/H]; however, we are limited by the poor statistics for those kind of stars.
In summary, the G12 and N12 maps behave similarly in over-predicting extinction for main-sequence dwarfs and red clump or RGB stars with low reddening. Most likely this effect is due to the fact that these maps are heavily weighted by the mean total extinction along the line of sight towards the specific stellar tracers used to make the maps. In both cases, these tracers are stars located in the bulge itself (RC giants for G12 and RGB giants for N12), so any low-reddening foreground sources will be overcorrected by these particular 2D maps (Section 6.1).
Extinctions derived from individual stellar color excesses do not suffer from this problem, since they only measure the impact of dust along the line of sight to each star. In the cases of A(K s ) RJCE and A(K s ) EHK , offsets from A(K s ) ASPCAP may be explained by instances where the assumed intrinsic colors are inappropriate for those stellar types. The NIR colors systematically overestimate the extinction, particularly at high extinction, which could indicate that the assumed (H − K s ) 0 is offset from the actual mean color of the stars or that the assumed extinction law is incorrect. The dependence of ∆A(K s ) on the stellar parameters strongly suggests that the offset extinctions are due to the fact that the assumed (H − K s ) 0 color is not applicable to all stellar types. As shown by Bessell et al. (1989) and Lançon & Wood (2000) , (H−K s ) 0 is very sensitive to gravity and metallicity, making the assumption of a single intrinsic color for stars of unknown stellar properties inappropriate. For the stars in our sample, this color appears to be increasingly inapplicable as one moves up the RGB, to lower log g and T eff , with median A(K s ) discrepancies of 0.15 mag for stars with log g 1.75 and T eff 4000 K (corresponding to the common late K giants).
In contrast, the individual RJCE extinction estimates appear to be largely accurate for nearly all stars, with the exception of the coolest RGB stars (M type). The small consistent offset observed ( 0.03-0.05 mag) is almost entirely independent of the stellar properties, indicating that a change in the assumed intrinsic color of ∼0.03 mag would remove the discrepancy. We conclude that the RJCE method is the most robust method for tracing interstellar extinction spanning the T eff , log g, and [M/H] stellar parameter space studied. However, we do note that if one averages the stellar RJCE extinction values (not just the APOGEE sample, but all bright 2MASS stars) over an area comparable to the N12 and G12 map pixels, the dispersion is comparable to the scatter in Figure 4 , strongly suggesting that unresolved differential extinction also has an impact on those map values.
COMPARISON TO 3D MAPS AND MODELS
3D maps
For comparison to 3D extinction distributions, we use the following data:
• Marshall et al. (2006) used the stellar population synthesis model of Besançon (Robin et al. 2003) , together with the 2MASS data set, to map the 3D extinction for |l| ≤ 90
• and |b| ≤ 10 • . Assuming a distance vs. color relation (after removing the M-dwarf foreground population), they compared the observed stellar colors to the synthetic ones for each line of sight and attributed the resulting reddening to specific distances according to the model. This study is somewhat limited, due to the confusion limit of 2MASS (∼3 pixels) in the crowded Galactic bulge region and by the sensitivity of 2MASS in highly extinguished regions. The spatial resolution of the map is 15 .
• Chen et al. (2013) combined the Spitzer-IRAC GLIMPSE-II data with the VVV data, along with an improved version of the Besançon model (Robin et al. 2012) , to map the inner bulge region (|l| ≤ 10 • and |b| ≥ 2
• ) in 3D. An extension of this map for the entire VVV bulge area (−10
• ≤ l ≤ 10
• ) has been provided by Schultheis et al. (2014) . They used an improved color-temperature relation for M giants (using the Padova isochrones; Girardi et al. 2010 ). In addition, they fit the full colour-magnitude diagram including dwarf stars, to the synthetic CMD, to derive the 3D-extinction.
Their spatial resolution is also 15 .
• Drimmel et al. (2003) present a Galactic-scale 3D model of Galactic extinction based on the dust distribution model of Drimmel & Spergel (2001) , which is fitted to the far-and near-IR data from the COBE/DIRBE instrument. The size of the COBE pixels are approximately 21 × 21 .
Again, if necessary, we rescale all the maps to A(K s ) using the Nishiyama et al. (2009) bulge extinction law. We queried these three maps for the extinction at the position (l, b) of each of our APOGEE bulge stars, within a FOV of 0.25 deg 2 and in distance bins of 1 kpc. This FOV was chosen to contain a sufficient number of APOGEE stars with accurate stellar parameters at each spatial position. Because the extinction maps have different spatial resolutions, we took the median value around the center position of each 0.25 deg 2 field. Figure 8 shows the comparison of the 3D extinction along different lines of sight, where we compare the literature extinction values (colored lines) with the isochrone-derived A(K s ) values for the APOGEE sources (black points). We indicate also the errors in A(K s ) and distance. Note that, in contrast to Drimmel et al. (2003) , the 3D maps of Marshall et al. (2006) and Schultheis et al. (2014) are limited to a heliocentric distance of <10 kpc. Figure 8 demonstrates that none of the different 3D models reproduce the global A(K s ) ASPCAP vs. distance relations along all available lines of sight. The Drimmel et al. (2003) 3D Galactic dust distribution model has, in general the largest systematic deviation from our observed A(K s ) vs. distance relations. Drimmel et al. showed (see their Figure 10 ) that in the inner disk of the Galaxy, their K s -band extinction can deviate on the order of 20% compared to extinction derived from 2MASS color-magnitude diagrams.
Results and Discussion
Along most of the lines of sight, we lack APOGEE stars at distances closer to the Sun than ∼4 kpc. Nevertheless, we note a number of trends.
• For most of the lines of sight, we confirm the steep rise in A(K s ), with a flattening occurring at ∼4-6 kpc, predicted by all of the 3D distributions. In the highly extin-
, however, this flattening is not predicted by the models. Unfortunately, we do not currently have a sufficient number of data points to confirm this.
• The Marshall et al. 3D model appears to best represent the increase of A(K s ) with distance for smaller distances (d < 4 kpc), while Schultheis et al. most reliably predicts extinction for larger distances (d > 4 kpc). The Marshall et al. map is confusion limited by 2MASS, which produces the sudden decrease in A(K s ) at around 8 kpc.
• The Drimmel et al. map systematically overestimates extinction in the fields (l,
• ), and (0 • , −5 • ), and underestimates for the
• In the innermost bulge region (|l| ≤ 2 • , |b| ≤ 1 • ), despite low number statistics, a steep rise in A(K s ) is detected within 3 kpc of the Sun that is only predicted by the Drimmel et al. model.
• The APOGEE stars in the fields (l, b) = (0 • , −5 • ) and (+1
• , −4.0 • ) span the full range of distance from ≤ 2-10 kpc. These low-extinction fields follow the A(K s ) vs. distance relation predicted by both Marshall et al. (2006) and Schultheis et al. (2014) , while Drimmel et al. (2003) overestimates the extinction, particularly where d 5 kpc. Due to the low extinction, however, small spatial variations in A(K s ) cannot be traced with this data set -optical data, with its greater extinction susceptibility, is necessary.
With additional data from APOGEE and APOGEE-2 in the coming years, we will be able to trace the distance vs. A(K s ) behavior towards the full Galactic bulge, making this sample an ideal tool with which to systematically and quantitatively compare spectroscopically-derived values with existing 3D interstellar extinction maps, and to better understand the dust structure. What are the biases introduced by adopting a 2D extinction map over a more detailed 3D distribution? What are the typical distances probed by 2D bulge extinction maps? In Figure 9 , we present the difference in A(K s ) as a function of stellar distance for the 2D maps N12 and G12. Both 2D maps agree remarkably well -with each other and with the ASP-CAP extinction -for distances larger than ∼3-4 kpc, while for the shorter distances they systematically overestimate extinction by ∼0.1-0.2 mag (∼0.8-1.6 mag in V-band). This result suggests that for sources known to be in the Galactic bulge, or at least beyond ∼4 kpc from the Sun, these 2D extinction maps can be applied without significant systematic offsets. The RJCE color excess method, which is in theory distance-independent (if not entirely in practice, due to the need for quality stellar photometry), also traces the extinction well for shorter distances, provided the star is not too metalpoor (Section 4.2). Thus, the primary potential bias in the application of 2D maps is for stars along the line of sight towards the bulge, but not established to be in it.
Dependence on Extinction Law
The derived distances also depend on the extinction law adopted to convert between the reddening measured from the isochrone-matching and the final extinction used in the distance calculation. We assume here the extinction law derived for the Galactic bulge by Nishiyama et al. (2009) , with A(K s ) = 0.526 × E(J − K s ). However, studies have found spatial variations in the extinction-law coefficients even within the bulge (e.g., Udalski 2003 , Gosling et al. 2009 Chen et al. 2013; Nataf et al. 2013) , which may be due to changes in the dust size distribution (e.g., Draine 2003; Chapman et al. 2009; Zasowski et al. 2009 ). We tested the impact of adopting a different extinction law and found that, compared to our distance errors from other sources, any shift (even with the standard Cardelli et al. 1989 law) is sufficiently negligible and does not affect our conclusions here. A difference in ∼10% in the extinction law produces a typical difference in the distance estimate of about 5%, which is smaller than our derived errors. 
Differences Between Stellar Libraries
The stellar atmosphere models used to produce the isochrones also affect the final extinction values and distances derived for the stars. Here we compare the distances used in this analysis, calculated with the Padova isochrones (Girardi et al. 2010) , with those calculated using an identical method but adopting the Basel3.1 model library (Lejeune et al. 1997) . We demonstrate the importance of being aware that model libraries do differ, and that the differences can complicate the comparison of results that do not use the same library.
The Basel3.1 library is a semi-empirical, stellar atmospheric library based on the preceding Basel2.2 generation of models (Lejeune et al. 1997 ) and extended to non-solar metallicities by Westera et al. (2002) . The Kurucz theoretical spectra (Kurucz 1979) have been modified to fit broadband photometry (Buser & Kurucz 1992) . As shown by Schultheis et al. (2006) , the Basel3.1 library produces reliable color estimates for T eff > 4000 K but shows significant offsets for cooler stars. Therefore, we have used complementary NextGen models from PHOENIX stellar atmosphere models (Hauschildt et al. 1997) for stars with T eff < 4000 K. As the PHOENIX models use a direct opacity sampling, including over 500 million lines of atomic and molecular species, they yield a more realistic description of the M-star population. This composite stellar library is also the one used in the Besançon stellar population synthesis model (Robin et al. 2012) .
The effect on the derived A(K s ) of using different stellar libraries is presented in Figure 10 . The Basel3.1 A(K s ) values are systematically smaller than the Padova ones, which indicates that the model intrinsic colors are slightly redder than those in the Padova library. However, the effect is typically smaller than 0.05 mag in A(K s ). Figure 11 shows the comparison in the distances, d, derived using the Padova and the Basel3.1 isochrones. Some systematic difference is apparent, especially for d 2 kpc and d 10 kpc, where the mean Basel3.1 distances are systematically smaller. The typical dispersion is about 20% (indicated by the dashed lines), which is roughly comparable to the intrinsic error of our method (see Figure 3) . Figure 12 traces the distance differences as functions of the spectroscopic stellar parameters. Figure 12a reveals a dramatically larger dispersion for stars with T eff < 3800 K, which suggests important systematic differences in the stellar atmosphere models between Padova and Basel3.1. (This is close to -but not exactly -where the Kurucz and PHOENIX model atmospheres are merged in the Basel3.1 library.) Similarly, in Figure 12b , a larger spread in ∆d for stars with log g < 2 is found, along with consistently larger distances where log g < 0.4. There are also larger discrepancies when going to lower metallicities ([M/H] +0.25; Figure 12c ). Thus, the use of different stellar libraries can produce systematic differences in calculated distances, most significantly for cool, metal-poor M giants. As these stars are often the most distant objects in a magnitude-limited sample of giants, such as APOGEE's, care must be taken in the interpretation of results apparently coming from the distant zones probed by these stars.
CONCLUSIONS
Data from the APOGEE survey, which includes stellar parameters (T eff , log g, [M/H]) as well as spectra, serve as useful tools to trace interstellar extinction in the most heavily extinguished parts of the Milky Way -the bulge and inner disk. In this paper, we matched the fundamental parameters of 2433 bulge giant stars to model isochrones and derived their extinctions and distances (Sections 2 and 3). We compared these spectroscopically-derived extinctions to a variety of theoretical and photometrically-derived extinction maps and models (Sections 4 and 5).
Individual stellar extinction estimates derived from long baseline, near-to mid-IR colors (the RJCE method; Majewski et al. 2011) are the most reliable predictors of extinction towards our sample. Extinctions based on near-IR colors only appear accurate for a much narrower range of spectral types, which then requires foreknowledge of (or assumptions about) the stars under consideration before calculating the extinctions. The bulge extinction maps of Nidever et al. (2012) and Gonzalez et al. (2012) perform similarly well in tracing the extinction of stars actually residing in the bulge, but unsurprisingly, overpredict the extinction for foreground sources. For the Nidever et al. (2012) and Gonzalez et al. (2012) maps, "foreground" means stars closer to the Sun than ∼3-4 kpc.
We also use our stellar distance estimates to assess three 3D extinction distributions: the model of Drimmel et al. (2003) and the maps of Marshall et al. (2006) and Schultheis et al. (2014) . We confirm the steep increase in extinction in the first few kpc, and the flattening of the extinction at about 4 kpc from the Sun. However, none of the 3D maps agree for all of the APOGEE lines of sight, which demonstrates that there remains significant room for improvement in our knowledge of the 3D bulge extinction distribution.
Finally, we examine additional sources of uncertainty in our comparisons: variations in the adopted extinction law and variations in the isochrones from different stellar atmospheric models (Section 6). Uncertainties due to potential extinction law variations are small compared to uncertainties from the stellar parameters and distance calculations themselves. However, discrepancies in derived extinctions and distances can be substantial if different atmospheric models are adopted, particularly for the coolest (and typically most distant) giants. This caveat should be considered by anyone wishing to compare or combine results that use different atmospheric libraries.
